Objectives. Subgroups of capillaroscopic scleroderma landscape have been correlated with stages of SSc: two groups for Maricq's classification (slow and active), and three for Cutolo's classification (early, active and late). We report inter-and intra-observer agreement for these classifications as a preliminary step in the multicentre prospective SCLEROCAP study, which aims to assess the classification and single capillaroscopic items as prognostic tools for SSc.
Introduction
SSc primarily involves the microcirculation, leading to the early occurrence of specific capillary abnormalities that can be assessed by videocapillaroscopy. The sclerodermic pattern is characterized by capillary angiogenesis (giant and bushy capillaries) and capillary destruction (decrease in capillary density, avascular areas, disorganization of capillary bed) [1] . Capillary abnormalities are heterogeneous among patients, some having numerous giant capillaries, while others have rare giant capillaries but mainly capillary loss. An evolution of the capillary bed from giant capillaries to capillary loss has been shown [2] , but some patients seem to progress rapidly to capillary destruction [3] . Thus, some authors have proposed a classification of capillary abnormalities in two stages (slow: many giant capillaries and haemorrhages; and active: diffuse capillary loss and disorganization) that might predict the clinical prognosis of SSc [4] . First, Maricq found that patients at the slow stage had less systemic organ involvement during SSc follow-up than those at the active stage (1 out of 11 vs 5 out of 8) [3] . In a retrospective study including 68 SSc patients, Chen et al. [5] showed that the active stage was associated with skin fibrosis, pulmonary hypertension and renal involvement. More recently, Cutolo proposed a classification in three stages (early: rare giant capillaries and haemorrhages; active: many giant capillaries and haemorrhages; and late: diffuse capillary loss, disorganization and bushy capillaries) [6] . The relationship between these stages and the occurrence of complications has been addressed in retrospective and transversal studies [3, 6, 7, 8] . The late stage has been correlated with age; duration of disease; and cardiac, pulmonary and renal complications [3, 6, 7, 8] . The only validation study for Cutolo's classification was a prospective pilot study in 66 Belgian and 82 Italian SSc patients, and it showed an increased risk of peripheral vascular or lung involvement with the late nailfold videocapillaroscopy pattern [9] . Another transversal study showed that microhaemorrhages and giant capillary counting were associated with disease activity as measured by the European Scleroderma Study Group Index [10] .
The SCLEROCAP study is a multicentre prospective study with a follow-up of 3 years. Its main objective was to determine the predictive value of Maricq's and Cutolo's capillaroscopic classifications for the prognosis of SSc. The secondary objectives were to study the reproducibility of the capillaroscopic classifications and to describe capillary bed modifications over 3 years in SSc patients. In the case of bad performance of these classifications, we intend to build a new prognostic score combining the most reproducible and predictive single items. Here we present the results of the assessment of the intra-and interobserver reproducibility of these classifications at study inclusion.
Methods

Study design
SCLEROCAP is a French prospective, observational, multicentre study that is ongoing and complies with good clinical practices and the Declaration of Helsinki. Patients were enrolled between March 2014 and August 2015. The end of the study is planned for August 2018 after 3 years of follow-up. Formal ethics committee approval was obtained on 7 March 2014. The patients gave informed signed consent. The present study used the capillaroscopic descriptive data obtained at inclusion from the first 100 patients enrolled.
Setting and participants A total of 373 consecutive patients were included from 10 French medical departments (vascular medicine, rheumatology, internal medicine and dermatology). Inclusion criteria were age above 18 years and diagnosis of SSc according to LeRoy and Medsger's definition in order to be able to include early SSc and SSc without skin sclerosis [11] . Criteria of non-inclusion were: other associated CTD, severe complication of SSc (renal crisis, pulmonary hypertension or respiratory insufficiency). Data obtained from the first 100 patients included were analysed in the present study.
Study procedures
Demographic data, general medical history, SSc subtype and clinical and biological SSc characteristics were collected at inclusion. Nailfold capillaroscopic data and finger systolic pressure measurements were determined at inclusion and at each annual visit during the study followup. SSc progression after 3 years was considered as severe in the event of heart, lung, pulmonary artery or kidney involvement, as defined previously and validated by an event validation committee [12] . For each patient, capillaroscopic images were analysed for qualitative and quantitative abnormalities using the same tool at each visit: first in the clinical centre by the investigator, second by another investigator blind to the first assessment, and then by a third investigator in the event of discordance. The images from four fingers of each hand (total of eight fingers) were classified according to Maricq's and Cutolo's scoring systems [4, 6, 13] . For Maricq's classification, two patterns were considered [4] . The slow one consisted of extremely enlarged capillaries with no or minimal avascular area. The active one consisted of moderate-to-extensive avascular areas without extremely enlarged capillaries. For Cutolo's classification, three patterns were considered [6] . The early pattern was made of few giant capillaries, few haemorrhages, relatively preserved capillary distribution and no evident loss of capillaries. The active pattern was made of frequent giant capillaries, frequent capillary haemorrhages, moderate loss of capillaries with some avascular areas, mild disorganization of the capillary architecture, and absent or some ramified capillaries. The late pattern consisted of irregular enlargement of capillaries, few or absent giant capillaries, absence of haemorrhages, severe loss of capillaries with large avascular areas, severe disorganization of normal capillary array, and frequent ramified or bushy capillaries.
Acquisition of nailfold capillaroscopic images
Images were acquired at inclusion and during the followup visits on eight fingers (all fingers except thumbs) by using the same wide-field videocapillaroscopy device in all of the centres (Â50 to Â100 magnification, Perimed, Jä rfä lla, Sweden). The images were recorded on a disk, which was then blinded by a research assistant and provided to experimental investigators not aware of the patient's identity or status for assessment/classification. During the first meeting, the investigators agreed on a sheet for recording elementary capillaroscopic abnormalities and Maricq's and Cutolo's classifications. For each patient, evaluation was first performed on each finger and then as a whole, taking into account the landscape observed in most of the patient's fingers (Fig. 1) . The abnormalities were analysed from the first row of capillaries.
Outcomes and measurements
In the present study, quantitative and qualitative data of a set of capillaroscopic images were assessed by investigators. Two other meetings were then held in order to analyse discordant findings and to improve agreement about the definition of abnormalities. It was found that there was a need to define more precisely each elementary abnormality, and consensus definitions were determined (Table 1) .
Several analyses were performed: assessment of intraobserver and interobserver agreement for qualitative and quantitative capillaroscopic abnormalities observed on the fourth left finger in 100 patients rated by two experienced investigators A and B, independently performing two ratings with a 6 months' interval, the second rating being blind to the first one. Cutolo and Maricq stages were assessed both from the fourth finger of the left hand and globally from the eight fingers. Agreement for elementary parameters was only studied on one finger because statistical analysis would have been hampered by correlated data if eight fingers were pooled for each patient. We chose the fourth finger because we think that this finger usually has the most abnormalities, and the left finger because the majority of patients have a right dominant side (the fingers of the dominant side may be more difficult to examine because of more numerous traumatic lesions).
FIG. 1 Form filled out by the observers of capillaroscopies
www.rheumatology.oxfordjournals.org Assessment of interobserver agreement was also analysed in six observers rating 30 patients once independently. Assessment of the impact of consensus meetings was performed by comparing capillaroscopic data obtained by the rating of 30 patients by three experienced investigators before any consensus meeting, after a first meeting, and then after a second meeting. The flow chart for these analyses is shown in Fig. 2 .
Statistical analysis
Agreement was calculated for qualitative data by simple Kappa coefficients for items with two response classes and by weighted FleissCohen Kappa coefficients for items with three response classes [14] . The 95% CIs were calculated from the normal distribution approximation. The Landis and Koch interpretation of kappa values was used [15] : 0.20.4: fair; 0.40.6: moderate; 0.60.8: substantial; >0.8: almost perfect. The observed proportion of concordant observations (p0) was also calculated. For quantitative variables (capillary density in the middle of nailfold or in the area of maximal density), agreement was expressed by intraclass correlation coefficients and their 95% CIs [16] . Statistical analysis system software version 9.2 was used to compute the statistical analyses (SAS France, Brie Comte Robert).
Results
The 100 patients included in these studies included 14 males and 86 females, and their mean age was 59 (13) 
Elementary abnormalities and Maricq and Cutolo classifications: agreement between readers A and B
Agreement was assessed twice between readers A and B for 100 patients (Table 2) .
For elementary abnormalities, agreement was substantial for giant capillaries, bushy capillaries and microhaemorrhages, moderate for avascular areas and capillary density, and fair for oedema and disorganization. (Table 2) . No difference was found between these means of rating.
Intra-observer agreement was studied in the 100 patients for readers A and B (Table 3) . It was fair for disorganization and oedema, moderate for avascular areas, moderate or substantial for bushy capillaries, and substantial for giant capillaries and microhaemorrhages. Inter-observer agreement was fair for disorganization, oedema and avascular areas among the six observers (Table 4) . For bushy capillaries, giant capillaries, haemorrhages and capillary density, agreement between observers was substantial. Agreement for Maricq and Cutolo classifications was moderate or substantial, and there was no difference between the fourth left finger and all the fingers for establishing the classification.
Elementary abnormalities, Maricq and Cutolo classification: agreement between three observers on three readings (before and after two consensus meetings)
Agreement was studied between three readers for three readings. For disorganization and oedema, agreement was fair and did not improve to an acceptable level. For avascular areas and bushy capillaries, agreement was fair among the three pairs of readers, but improved over time 
Discussion
With regard to elementary abnormalities, agreement was good for giant capillaries, microhaemorrhages and capillary density. Oedema and architectural disorganization were poorly reproducible, while vascular areas and bushy capillaries were moderately reproducible. There was no difference in the assessment of capillary density between measuring in the middle or in the place where the capillary concentration was maximal. There was no difference between Cutolo and Maricq classifications for reproducibility. The percentages of concordant values were higher for Maricq's classification than for Cutolo's, owing to the different number of variables (2 vs 3). There was no difference in agreement when determining the stage on the fourth left finger or on the eight fingers. The agreement between the readers for these classifications was better after the assessment procedure, but could still be improved.
Good inter-observer reproducibility has been reported for the diagnosis of scleroderma landscape in patients suffering from RP, with a 90% agreement and a k coefficient of 0.60 [17] . As far as elementary abnormalities are concerned, parameters such as giant capillaries, capillary density and microhaemorrhages seem to be reproducible, with a k coefficient above 0.80 [17] , while others are not, such as tortuous or bizarre capillaries [17, 18] . We found similar results in the present study. Ingegnoli et al. [19] found very good agreement for avascularity and disorganization, but they studied 216 Raynaud's patients of whom only 24 had SSc, so their results may not be transposable to SSc patients. In a recent EULAR study, morphological abnormalities of capillaries were not reproducible, either by experienced observers or novices, resulting in a k coefficient below 0.50 [20] . Capillary density may be assessed as the maximal density observed on a finger as well as the density measured in the middle of the finger, because the reproducibility is similar.
The interpretation of images is not the only potential problem for the reproducibility of capillaroscopy; image acquisition may also lead to variations in interpretation. Nycthemeral nailfold capillary density has been shown to vary from morning to afternoon [20] , but we did not assess this because it is not our current practice to do so. Another cause of variation may be the site where the image is recorded in the capillary bed, a problem that may be even more acute if the recorded area is smaller, especially when magnification is higher [21] . This is one reason why Â50 or Â100 magnification is preferred by many teams, since it provides a more accurate interpretation of the landscape as a whole [22] . The reproducibility of Maricq's classification has not been explored to date. The reproducibility of Cutolo's classification was moderate when assessed by two experts who read the images of 71 patients (k 0.52, 90% agreement) [17] . In our study, interobserver reproducibility was fair or moderate for Maricq's and Cutolo's classifications, respectively, at the first reading. Consensus meetings improved their reproducibility, and training is probably of paramount importance before they can be used reliably. Intra-observer variability was good, with a k coefficient of $0.70. The SCLEROCAP investigators needed to specify definitions in order to increase reliability. However, some points remained unclear, such as whether the classifications should be applied globally on the capillary beds of all the fingers or whether a single finger should be analysed, for example, the fourth left one. Our results suggest that both methods give similar results.
Finally, both classifications raise problems of reproducibility. To be used in clinical trials, these classifications need to be assessed systematically by at least two experts. Their usefulness will be analysed at the end of the SCLEROCAP study, whose results should be available by the end of 2018. It is even possible that another scoring system might prove to be better. In any case, a highly reproducible score is a prerequisite if either of these classification systems is to be deemed to have a good prognostic performance. 
